ABSTRACT
Bacillary dysentery (BD), also known as shigellosis, is a common intestinal infectious disease caused by Shigella. Worldwide, the incidence of BD is estimated to be 164.7 million cases per year, 163.2 million of which were in developing countries, where 1.1 million deaths occurred 1 . As the largest trading city in southern China, Guangzhou is a representative city with a high prevalence of BD. It was reported that, during the period of 1997-2005, the annual incidence rate of BD ranged from 15.24 to 20.50 per 100,000 inhabitants 2 , raising concerns among public health authorities regarding its high incidence.
BD control is a serious challenge due to many factors. Currently, one of the critical programs for preventing BD is concentrated on monitoring and predicting BD incidence. Although previous studies have revealed signifi cant correlations between meteorological factors and BD infection 3 , the infl uence of these variables depends on differences in socioeconomic backgrounds and climate patterns in different regions 4, 5 . Moreover, in southern China, very little information is available regarding the use of meteorological variables as predictors for the occurrence and transmission of BD. The goals of this study were to examine the effects of weather patterns on the incidence of BD in Guangzhou between 2006 and 2012 and to develop a simple, precise, and low-cost functional early warning system.
We obtained BD incidence data for Guangzhou from the National Notifi able Disease Report System (NNDRS).
In China, BD is a notifi able Class-B communicable disease, and all cases are diagnosed according to the unifi ed diagnostic criteria issued by the Chinese Ministry of Health. For a patient's illness to meet the case defi nition for BD clinical symptoms (e.g., diarrhea, fever, abdominal pains, tenesmus, and stool mixed with blood), samples should be taken for laboratory confi rmation (e.g., dysentery bacilli identifi cation and genetic material detection). A standard form was adopted by local physicians and epidemiologists to collect information from infected individuals. Routine case reporting is done by hospitals through the NNDRS within 24 hours. Simultaneous meteorological data, including daily average temperature (in °C), relative humidity (%), atmospheric pressure (in hPa), wind velocity (in m/s), duration of sunshine (in h/day) and degree of rainfall (in mm) were obtained from documentation by the Guangzhou Meteorological Bureau.
A negative binomial regression was used to study relationships between meteorological variables and BD incidence. A negative binomial distribution is a Poisson distribution with an extra dispersion term. The extra dispersion term acts as a random effect that subjects the Poisson means to additional variation that has a gamma distribution. Given the data were over-dispersed; we chose a negative binomial distribution model rather than a Poison model. The cases were BD occurrence. Data are presented as the prevalence of BD per 100,000 inhabitants, grouped by month of onset and for each meteorological variable, with a monthly average or aggregate being calculated. A preliminary analysis was conducted using a Pearson's correlation coeffi cient ('r') matrix with meteorological variables. This indicated that the model constructed using contemporaneously both temperature and atmospheric pressure suffered from collinearity problems, because the 2 variables showed a strong negative correlation (r = -0.86, p < 0.01; Table 1 ). Thus, we tested 2 separate 
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negative binomial regression models: the fi rst included average temperatures, but no atmospheric pressure data, while the second considered atmospheric pressure, but not temperature data. Both models also included relative humidity, wind velocity, duration of sunshine, the degree of rainfall, and the year as independent variables. The fi nal model included only those variables that reached a p value of < 0.05 in the preliminary model with all variables included. To quantify the effects of meteorological variables, we computed the infl uences (e β −1), which virtually correspond to the percent change. These analyses were carried out using statistical analysis software (SAS) (V.8.01, SAS Institute, Cary, New Jersey, USA).
From January 1, 2006 to December 31, 2012, 4775 confi rmed BD cases were reported in Guangzhou, of which 55.44% (2,481) were male patients and 44.56% (1994) were female patients. The proportion of confi rmed cases in age ranges between ≤ 5, 6-19, 20-44, 45-64, and ≥ 65 was 36.08% (1,723), 7.48% (357), 35.48% (1,694), 13.24% (632), and 7.73% (369), respectively. Of the 6 meteorological variables studied, temperature and atmospheric pressure were statistically signifi cant in the fi nal model (both p<0.01). After adjusting by year, each 1°C rise of temperature corresponded to an increase of 3.60% (95%CI 3.03% to 4.18%) in the monthly number of BD cases, whereas a 1 hPa rise of atmospheric pressure corresponded to a decrease in the number of cases by 2.85% (95%CI -3.34% to -2.37%), causing a negative effect ( Table 2 ). The residuals plots indicated that model residuals did not violate the statistical modeling assumptions.
Weather factors such as temperature and humidity have been proven to exert a signifi cant infl uence on the occurrence and transmission of some infectious diseases. For example, in Switzerland, higher water vapor pressure and temperature were associated with increased risks for developing communityacquired Legionnaires' disease 6 . In Botswana, the elevation of annual minimum temperature was considered as a critical factor for the continual ascent in the number of diarrheal diseases reported during the period of 1974-2003 7 . The result of current study revealed that temperature was positively correlated with BD incidences in Guangzhou, with each 1°C rise in temperature corresponding to an increase of 3.60% in the monthly number of confi rmed BD cases. This fi nding is in general agreement with previous fi ndings 3 , which suggested that temperature may be considered a precipitating factor for BD incidence. In addition, we found that atmospheric pressure was negatively associated with BD incidence in the same month. A similar observation was also reported in northeast China 8 . The mechanism whereby climate affects the incidence of BD is still unclear. A possible explanation may be that meteorological factors may directly affect the replication of bacterial and protozoan pathogens and affect environmental reservoirs 9, 10 .
Some limitations must be acknowledged for this study. For example, the incubation period of 1-3 days for every case cannot be determined exactly. We chose to use monthly aggregated data for BD cases and monthly average or aggregate meteorological data. The errors of these approximations, however, are likely to be random, suggesting that our risk estimates are reliable. Moreover, as this investigation is an ecological study, we cannot exclude the possibility that we could not identify or consider some potential confounding variables. Although we emphasize the impact of climate, other factors such as human dietary lifestyle, hygiene habits, and Shigella strain susceptibility to drugs should be addressed in further studies.
Taken together, despite these limitations, we report that weather factors have a signifi cant infl uence on the occurrence and transmission of BD. A rise of temperature may increase the risk of BD infection, whereas an increase in atmospheric pressure may reduce the risk of BD infection. These 2 meteorological variables may be considered as predictors for the occurrence of bacillary dysentery in Guangzhou.
